Temperate and high latitudes are characterized by the seasonal cycle between favourable and 1 0 3 unfavourable conditions. Organisms living in these environments year-round must be able to 1 0 4 tolerate adverse conditions. In short-lived organisms, survival over the adverse season is 1 0 5 usually possible only in a specific life stage that is able to enter a state of diapause, dormancy 1 0 6 or hibernation that can tolerate adverse conditions and survive long periods on stored energy 1 0 7
reserves (Tauber et al., 1986; Danks, 1987; Hahn and Denlinger, 2007; Varpe, 2017) . In organisms that can complete several generations during the favourable season, not all Osaka, Japan) set to 20°C. Thereafter, it again was scrubbed of H 2 O with magnesium 2 7 1 perchlorate (Sigma-Aldrich) before entering the sample line of a Li-7000 CO 2 analyser 2 7 2 (LiCor, Lincoln, USA). The second line proceeded in the same way, mimicking the exact 2 7 3 length of the sample line (including an empty measurement chamber), before entering the 2 7 4 reference line of the Li-7000 CO 2 analyser. Both lines then proceeded through ascarite CO 2 2 7 5 scrubbers (Acros Organics, New Jersey, USA), and entered an Oxzilla FC-2 O 2 analyser 2 7 6 (Sable Systems) after which air was ejected to the room. Both CO 2 and O 2 analysers were 2 7 7 calibrated before the start of the experiment. Differential CO 2 and O 2 were calculated by 2 7 8 subtracting the output of the reference line from the output of the sample line. Sampling rate was 1 Hz for all measurements. The measurement protocol entailed a 2 min baseline 2 8 0 measurement of an empty chamber (preliminary experiments showed that this was long 2 8 1 enough), followed by an 8 min measurement of the chamber containing the animal, and 2 8 2 ending with a 3 min measurement of the empty chamber (see Fig. S1 ). The raw data was first empty chamber value, fractioned and multiplied with flow rate to convert the raw output to We aimed to minimise the time larvae had to be without access to food, and the consequent 2 8 9
negative effects on growth. Therefore, larvae were not starved before respirometric
measurements, yet they were without food during the measurement (lasting approximately 15 2 9 1 minutes including handling). The number of faecal pellets produced during the measurement was recorded to take into account potential variation in the digestive cycle and CO 2 released 2 9 3 from the faeces. We did not measure movement of larvae during measurements as a previous 2 9 4 study using a similar setup showed that larvae move little in the tubes and, in that study, the 2 9 5 movement effect was either statistically insignificant or very small (Kivelä et al., 2016b ). We calculated RQ only from measurements where signal-to-noise ratio was >5 as these 2 9 8 measurements were considered as reliable. The signal-to-noise ratio was calculated as the 2 9 9 difference in measurement mean and baseline mean, divided by the baseline standard 3 0 0 deviation. All CO 2 measurements exceeded this threshold but, for O 2 , the signal was In addition to larvae used in control and respirometric measurements, we reared extra larvae 3 0 8
under the above-mentioned diapause and direct development conditions. Once these larvae 3 0 9
entered the final (V) instar, a time point (day during the instar V or a two-day old pupa) for
freezing was randomized for each individual. The larvae were weighed twice a day until they
were frozen in liquid nitrogen at the pre-determined time points. The numbers of frozen final-
instar larvae and pupae were 99 and 14 in the diapause pathway, respectively, the
corresponding direct development pathway numbers being 94 and 17. Samples were kept at -80°C until analysis. Water and total lipid content of larvae was 3 1 6 measured after chloroform:methanol (Chl:Meth) extraction (Folch et al., 1957) according to
the following protocol. First, larvae were weighed (fresh mass; Precisa XB 120A balance),
and then dried for 72 h at 55°C. Larvae were then reweighed (dry mass), placed in small glass into the liquid phase. This includes neutral lipids and phospholipids, but also glycerol, carbohydrates and amino acids (Newman et al., 1972) , so this method overestimates total absolute lipid values need to be treated with caution. A previous study, using mass-
spectrometric methods, verifies that neutral lipids constitute the absolute major component of
total lipids in young pupae of P. napi (Lehmann et al., 2016) . After the Chl:Meth submersion, Chl:Meth twice. The aluminium cups were left to evaporate in a fume hood for 4 hours and Total lipid mass in the sample was calculated by multiplying the mass of lipids in the cup
with the dilution factor (4000/250 = 16). Relative lipid content was calculated as the ratio of We compared life history traits associated with growth and development (development time through instars IV and V, growth rate in instars IV and V, time from the beginning of instar
IV until the attainment of peak larval mass in instar V, peak larval mass, and pupal mass)
between the diapause and direct development pathways, and between the control and 3 5 2 respirometry groups. Individual-specific growth rate was calculated as the regression slope of instar IV, and the first half of them in instar V to get a growth rate estimate for the free
growth period before growth deceleration preceding pupation (see Fig. S2 ). In analyses of life fixed effects. Family was set as a random effect to control for non-independence of siblings.
The set of all meaningful models (i.e. following the principle of hierarchy) simpler than the Oline Resource, Table S1 , for the sets of models with Akaike weights >0.05). The models,
including the global model, were averaged with the function 'model.avg ' (Barton, 2016) .
When needed, we took heteroscedasticity into account by adding weights determined by a variance function (either 'varIdent' or 'varExp' [Pinheiro et al., 2016] ) into the models. The sets of models with Akaike weight >0.05 are presented in Table S1 . For CO 2 production rate, we analysed instars IV and V separately and included only observations during the growth period in the analysis. Data were ln-transformed to facilitate pathway and sex. Cohort (not included in any interactions) and the number of frass produced
during the respirometric measurement (a covariate) were also included in the fixed effects. To
control for repeated within-individual measures, random effects included random individual-
specific intercepts and slopes in relation to centered ln-transformed mass. The inclusion of
random slopes significantly improved model goodness-of-fit over random-intercepts-only but not the variance. Therefore, centering of ln(mass) does not affect the regression slopes of
other traits on it, and allometric inferences remain, consequently, unaffected by centering. Model averaging and modelling of heteroscedasticity was performed as explained above, and
the sets of models with Akaike weight >0.05 are presented in Table S2 . Variation in RQ was analysed similarly as explained above for CO 2 , except that the models
included only random individual-specific intercepts because the inclusion of random the random intercept models). Because there was no need to include random individual-
specific slopes in the models for RQ, mass was not centered to make interpretation of the al., 2016) to the models, because modelling the higher residual variance in females than in
males improved the estimation accuracy of random effects, yet AIC did not suggest a
difference between the weighted and unweighted models (ΔAIC= 0.919). The sets of models
with Akaike weight >0.05 are presented in Table S3 . Tables S4 and S5 . In both the control and respirometry group, all individuals exposed to the short day length instar IV than the ones entering diapause ( instar durations becoming more pronounced in instar V compared to instar IV (instar duration and IV, respectively). Despite having higher growth rate, the fast development of directly 4 3 2 maturing individuals led to a low peak larval mass compared to that attained by individuals 4 3 3 entering diapause (Table 1 ; Fig. 2 ). Males had higher pupal masses than females, and there was also a weak tendency for the pupal mass to be higher under diapause than direct We use whole-organism CO 2 production rate as a proxy for metabolic rate because there is a inferences on CO 2 production rate. early in the instar changed to a hypoallometric increase later in the instar, and the ontogenetic 4 5 0 increase in CO 2 production ceased altogether at the end of the instar (Table 2 ; Fig. 3a , c; see
also Fig. S4 ). There was no difference between diapause and direct development in CO 2 4 5 2 production in instar IV (Table 2) . In instar V, CO 2 production had a qualitatively similar
relationship to body mass as in instar IV, yet the non-linearity of the relationship was weaker,
and there was a difference between the alternative developmental pathways, CO 2 production 4 5 5 being higher under direct development than diapause (Table 2 ; Fig. 3b, d ). The respiratory quotient (RQ) in instar IV was independent of developmental pathway and 4 5 8 body mass, the latter being apparently due to the data concentrating at the latter part of the RQ data from the beginning of the instar IV. In instar V, RQ showed a peaked relationship to 4 6 2 body mass, RQ values being higher in the second than in the first cohort (Table 2 ; Fig. 4b ).
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There was no difference in RQ values between diapause and direct development. The absolute amount of water in the body did not differ between diapause and direct 4 6 9 development and increased nearly isometrically, yet non-linearly, over the instar V, the
scaling becoming increasingly hypoallometric at the end of the instar (Table 3 ; Fig. 5a ).
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Absolute mass of lipids in the body did not differ between diapause and direct development exponent=1.37; Table 3 ; Fig. 5b ). When comparing two days old pupae with similarly-sized instar V larvae, relative water 4 7 6 content was lower in diapause pupae than in larvae or directly developing pupae (Table 3 ; proportion of lipids was higher in instar V larvae than in pupae (Table 3 ; Fig. 5d ), but there 4 7 9
was no statistical support for a difference between the developmental pathways (Table 3) . We found the expected life history divergence between the diapause and direct development was associated with physiological differentiation, metabolic rate (defined as CO 2 production) 4 8 9 being higher under direct development than diapause. As expected, metabolic rate of larvae that the induction of a developmental pathway is largely independent of rates of growth and 4 9 7 development in P. napi (Friberg et al., 2012; Kivelä et al., 2015) , a high metabolic rate seems after the induction of the developmental pathway. A high metabolic rate may be the cause for 5 0 0 a high growth rate, or vice versa (Glazier, 2015) . Either way, the relatively low metabolic rate Ontogenetic allometric scaling of metabolism to body size was complex. The scaling of weak non-linearity also in the final instar (Fig. 3b, d ). Non-linearity of scaling may arise due
to an increasing relative amount of metabolically inactive matter in the body towards the end follow this pattern. Moreover, the present data from the penultimate instar (see also Fig. S4 )
are consistent with the oxygen-dependent induction of moulting hypothesis, predicting that
the tracheal respiratory system, that primarily grows during moults, reaches its maximum
capacity at the end of the instar and so sets an upper limit for respiration rate (Greenlee and Even though metabolic rate differed between the developmental pathways, there was no 2016). This is not exceptional (Hahn and Denlinger, 2007) , yet unexpected given the ecology 5 2 7
of P. napi where diapausing pupae must survive 5 to 10 months on the energy reserves early in the summer and therefore also experience a long pre-winter warm period in pupal
diapause. This may be particularly stressful as higher temperatures should lead to increased lipid mass in the body (Fig. 5b) . Respiratory quotient (RQ) values exceeding one suggest that carbohydrates to lipids (Zebe, 1953; Wigglesworth, 1972) . Conversion of carbohydrates to halfway through the instar V as RQ (compare Fig. 4b to Fig. S5 ; see also Kivelä et al., improve cold tolerance (see Danks, 2000; Bennett et al., 2005; Rozsypal et al., 2013) . Aalberg Haugen et al., 2012; Friberg et al., 2012; Välimäki et al., 2013; Kivelä et al., 2013) .
Here, we show that the phenotypic divergence between the developmental pathways extends
to metabolism, and the metabolic divergence appears after the induction of a developmental
pathway has taken place. Pre-diapause metabolic divergence between larvae entering 5 5 3
diapause and direct development that we demonstrate here persists after pupation (Lehmann , 2016) . This is necessary because diapause pupae must survive up to 10 months with reserves similar to those of directly developing pupae that instead eclose as adults within a 5 5 6 few weeks. The generally extensive phenotypic divergence between alternative developmental pathways 5 5 9
suggest that many components of the physiological and developmental machinery are independent enough for pathway-specific evolution. It is possible that pathway-specific 5 6 1 selection changes metabolic rate, which would imply that metabolic rate is a key component evolution across species (Brown et al., 2004; Maino et al., 2014 ). Yet, it remains also
possible that metabolic rate responds to changes in growth rate (Glazier, 2015) , and that
growth rate is the key to phenotypic differentiation between the alternative developmental 5 6 7
pathways. Further studies are necessary for a rigorous assessment of these alternatives. 
